Vanadium-doped ZnTe has been predicted to be one of the candidates for ferromagnetic semiconductors with a high Curie temperature ͓K. Sato and H. Katayama-Yoshida, Semicond. Sci. Technol. 17, 367 ͑2002͔͒. In this paper, we report the structural, magnetic, and transport properties of ͑Zn,V͒Te films prepared by magnetron sputtering. Samples were fabricated on both GaAs and thermally oxidized silicon substrate at elevated temperature. Oriented sample ͑100͒ can be achieved on GaAs substrates and only polycrystalline samples are observed on Si substrates. X-ray diffraction ͑XRD͒ and transmission electron spectroscopy ͑TEM͒ show no magnetic precipitates in the ͑Zn,V͒Te film. The magnetization measurement shows that the oriented sample is paramagnetic at 5 K, while films on Si substrate shows weak ferromagnetism at 5 K. First-principles calculation predicted that the ferromagnetic ground state is more favorable in Cr-or V-doped II-VI compound ZnTe. 1 Indeed, the Cr-doped ZnTe was found to be one of the room-temperature DMS. [12] [13] [14] To the best of our knowledge, no experimental work on V-doped ZnTe has been reported. In this study, ͑Zn,V͒Te films were fabricated by RF sputtering at elevated substrate temperature. The samples were deposited on GaAs substrate and thermally oxidized silicon substrate. The ͑Zn,V͒Te films on GaAs are oriented in the ͓100͔ direction and films on Si wafer are polycrystalline. The structure, ferromagnetism, and magnetoresistance for the V-doped ZnTe films are investigated. Samples were fabricated by radio-frequency ͑RF͒ magnetron sputtering in a high vacuum chamber with a base pressure of 3 ϫ 10 −7 Torr. The compound sputtering target is made of ZnTe and V with a purity of 99.99%. During deposition, Ar pressure was kept at 4 mTorr and the power of sputtering was kept at 120 W. The silicon substrate used in this study has 1 m thick thermally oxidized SiO 2 . The GaAs substrate was treated by an ion beam to get rid of surface residues and oxides prior to the deposition. Three samples have been studied: samples A and B were deposited on Si substrate at 490 and 560°C, respectively, and sample C was deposited on GaAs at 560°C. The thicknesses of the films are about 560, 900, and 430 nm, respectively, determined by cross-sectional scanning electron microscopy ͑SEM͒ ͑Jeol JSM-6335FEG͒. The V concentrations are determined by energy-dispersive x-ray spectroscopy ͑EDX͒ ͑Jeol JSM 7400f͒ to be 15%,13.5%, and 13.5% for samples A, B, and C, respectively.
Diluted magnetic semiconductors ͑DMS͒ are one of the subjects under intensive studies in recent years [1] [2] [3] [4] [5] [6] [7] due to their promising applications in spintronics devices. With DMS, direct spin injection into semiconductors becomes possible. 2, 3 In addition, DMS also demonstrate that magnetic properties can be controlled by electrical 4 or optical means, 5 and vice versa. In addition to the pioneering study on such DMS systems as Ga 1−x Mn x As 6,7 and In 1−x Mn x As, 8, 9 various efforts have been focused on the transition-metal doped oxides 10, 11 and transition-metal doped II-VI compounds. 12, 13 First-principles calculation predicted that the ferromagnetic ground state is more favorable in Cr-or V-doped II-VI compound ZnTe. 1 Indeed, the Cr-doped ZnTe was found to be one of the room-temperature DMS. [12] [13] [14] To the best of our knowledge, no experimental work on V-doped ZnTe has been reported. In this study, ͑Zn,V͒Te films were fabricated by RF sputtering at elevated substrate temperature. The samples were deposited on GaAs substrate and thermally oxidized silicon substrate. The ͑Zn,V͒Te films on GaAs are oriented in the ͓100͔ direction and films on Si wafer are polycrystalline. The structure, ferromagnetism, and magnetoresistance for the V-doped ZnTe films are investigated. Samples were fabricated by radio-frequency ͑RF͒ magnetron sputtering in a high vacuum chamber with a base pressure of 3 ϫ 10 −7 Torr. The compound sputtering target is made of ZnTe and V with a purity of 99.99%. During deposition, Ar pressure was kept at 4 mTorr and the power of sputtering was kept at 120 W. The silicon substrate used in this study has 1 m thick thermally oxidized SiO 2 . The GaAs substrate was treated by an ion beam to get rid of surface residues and oxides prior to the deposition. Three samples have been studied: samples A and B were deposited on Si substrate at 490 and 560°C, respectively, and sample C was deposited on GaAs at 560°C. The thicknesses of the films are about 560, 900, and 430 nm, respectively, determined by cross-sectional scanning electron microscopy ͑SEM͒ ͑Jeol JSM-6335FEG͒. The V concentrations are determined by energy-dispersive x-ray spectroscopy ͑EDX͒ ͑Jeol JSM 7400f͒ to be 15%,13.5%, and 13.5% for samples A, B, and C, respectively.
The structure of the V-doped ZnTe film was characterized by x-ray diffraction ͑XRD͒ and transmission electron microscopy ͑TEM͒ ͑JEM-2010F͒. The magnetic properties of the films were characterized by a superconducting quantum interference device ͑SQUID͒ magnetometer. The transport properties were tested in a physical property measurement system ͑PPMS͒ at 2-300 K in a 0-9 T magnetic field. Resistivity measurement was performed with the standard four-probe method. Figure 1 shows the XRD patterns for three samples. All diffraction peaks can be indexed by the zinc-blende structure except for sample A, in which the broadening of the ͑111͒ peak could be due to the existence of hcp ZnTe phase, as evident from the XRD pattern of pure ZnTe prepared by the same method. For sample A deposited on Si at 490°C, the preferred orientation is ͓220͔. As the substrate temperature increases to 560°C, the ͑Zn,V͒Te films become highly ͓111͔ oriented, which agrees with the fact that the close-packed surface is most likely to be grown when there is enough energy provided during deposition. 15 On the GaAs substrate, the ͑Zn,V͒Te films deposited at 560°C are ͓100͔ oriented as shown in the XRD pattern. The coherent growth of ͑Zn,V͒Te films on GaAs is further confirmed by TEM studies.
It is known that vanadium and tellurium form a wide range of magnetic compounds V 1−x Te x with Curie temperature ranging from 10 to about 50 K. 16 To confirm that there are no V 1−x Te x phases existing in our samples, we performed high-resolution TEM ͑HRTEM͒ studies. Figure 2 is the planview HRTEM picture of sample B. Grains with different orientations can be seen and the grain size is about 10 nm. The inset shows one of the selected area diffraction patterns ͑SADPs͒ from sample B. The area for SADPs is about 1 m 2 . All SADPs from different locations of sample B
show no existence of secondary phase. Figure 3͑a͒ shows the plan-view HRTEM picture for sample C. The local residual stress causes some black contrast in this figure. Nevertheless, the crystal structure is well organized in the oriented film. The superimposed SADPs from the ͑Zn,V͒Te film and GaAs substrate are shown in Fig. 3͑b͒ . This is the direct evidence of high order of growth coherency of ͑Zn,V͒Te film on GaAs substrate. Again, the SADPs show no sign of secondary phase.
The calculations based on the density-functional theory predicted that the V-doped ZnTe is, similar to Cr-doped ZnTe, [12] [13] [14] one of the promising DMS with high Curie temperature. 1 We have also successfully fabricated Cr-doped ZnTe films with Curie temperature proportional to the Cr concentration. 17 To our surprise, the ͑Zn,V͒Te samples only show very weak or no ferromagnetism even at very low temperature, despite the relatively high concentration of V up to 15%. Figure 4 shows the hysteresis loops of three samples measured at 5 K by SQUID. Only sample B shows an obvious hysteresis loop. For sample A, the paramagnetic behavior dominates and slope changes a little at low field, indicating an interspersed weak ferromagnetic signal, while sample C, the oriented ͑Zn,V͒Te film on GaAs, only shows paramagnetic behavior. More detailed research is in progress to determine the origins of the observed weak ferromagnetism and different behaviors between the oriented and polycrystalline samples.
All the samples in this study show a typical semiconductor behavior in the transport measurement as shown in all samples. Large negative MR was reported in many DMS system such as Zn 1−x Cr x Te, 18 ͑In,Mn͒As, 19, 20 and Ga 1−x Mn x As. 9 The value of MR for sample B is about −15% at 2 K ͑Fig. 6͒. The magnitude of MR decreases as the temperature increases and eventually the MR changes sign to be positive with H 2 dependence at higher temperature. Sample C shows similar behavior ͑Fig. 7͒, except smaller MR values. Sample A also exhibits similar magnetoresistive behavior ͑not shown͒. It is believed the sign change of MR is related to the transition of ferromagnetic ordering to paramagnetic ordering, as reported in the Zn 1−x Cr x Te system. 18 We have successfully grown single-phase ͑Zn,V͒Te thin films on Si and GaAs substrates using RF sputtering. The oriented films can be achieved on GaAs substrate and only polycrystalline films are observed on Si substrate. The MR of samples experience a sign change with increasing temperature. The sample on Si with 13.5% V shows a hysteresis loop at 5 K, while other samples only show paramagnetism or very weak ferromagnetism interspersed with strong paramagnetism. Further study is underway to address the origin of observed behaviors. 
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